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Abstract 

We study compactifications of type IIA supergravity on cosets exhibiting SU(3) 
structure. We establish the consistency of the truncation based on left-invar iance, 
providing a justification for the choice of expansion forms which yields gauged N = 2 
supergravity in four dimensions. We explore N = 1 solutions of these theories, em- 
phasizing the requirements of flux quantization, as well as their non-supersymmetric 
companions. In particular, we obtain a no-go result for de Sitter solutions at string 
tree level, and, exploiting the enhanced leverage of the M = 2 setup, provide a 
preliminary analysis of the existence of de Sitter vacua at all string loop order. 
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1 Introduction 



In the era of LHC, much effort is being invested in finding phenomenologically viable string 
vacua. Much of this work takes place by considering compactifications to M = 1 theories 
in 4d. In this paper, we will focus instead on a framework which yields 4-dimensional 
theories that have M = 2 symmetry realized off-shell. While the TV = 1 setup allows for 
more flexibility in choosing the various ingredients of the theory, and hence (currently) 
permits the construction of more realistic vacua, the increased rigidity of the M = 2 
setup has the advantage of allowing a more exhaustive treatment of a', string loop, and 
foreseeably even brane instanton corrections. An impressive example of the power of the 
M = 2 framework is the recent proof [1] that M = 2 gauged supergravities without vector 
multiplets do not permit de Sitter vacua, in spite of the presence of such solutions in the 
one-brane-instanton approximation |2J. Studying theories in the M = 2 framework hence 
presents one promising avenue towards assessing the viability of the approximations that 
are necessary to get off the ground in less supersymmetric frameworks. 

The best studied example of M = 2 theories obtained from string theory are type II 
Calabi-Yau compactifications [3j H]. The differential operators governing the geometric 
moduli problem of the internal Calabi-Yau manifolds turn out to coincide with the mass 
operators of the supergravity theory. Unobstructed deformations hence give rise to mass- 
less excitations, resulting in the beautiful identification between the massless scalar fields 
of these theories, whose VEVs parametrize a family of supergravity solutions, and the 
geometric moduli of the Calabi-Yau. The masslessness of the scalars is protected by su- 
persymmetry, as M = 2 forbids a potential in the case of uncharged matter. In [3], the 
study of type II compactifications on SU(3) structure manifolds was initiated (recall that 
Calabi-Yau manifolds satisfy the stronger condition of SU(3) holonomy). This setup is 
more akin to the phenomenologically motivated = 1 analyses: solutions of the super- 
gravity equations of motion on these internal manifolds require the presence of background 
fluxes [HI El IE], and compactification gives rise to 4d Af = 2 gauged supergravity theories 
[5J [TO], which, in contrast to the Calabi-Yau case with uncharged matter, exhibit a poten- 
tial for the scalar fields in the theory. The increased phenomenological viability comes at 
a price: the very presence of a potential makes it unlikely that the choice of light degrees 
of freedom of the theory can be associated to a geometric moduli problem. Indeed, a 
systematic approach to a reduction ansatz for these theories is still lacking. Following our 
work in [TT] and [T2], we here pursue an alternative approach towards justifying the reduc- 
tion ansatz, that of consistent truncation: obtaining a field theory with a finite number 
of fields upon compactification requires truncating most of the degrees of freedom of the 
higher dimensional theory; this truncation is called consistent when all solutions to the 
lower dimensional equations of motion lift to solutions of the higher dimensional theory. 
Note the contrast to a Kaluza-Klein reduction [13J, which is an expansion valid around a 
single lOd solution (hence referred to as a base-point dependent reduction in [2]). 

Consistently truncated lower dimensional field theories are powerful allies in studying the 
vacuum structure of the higher dimensional string theory. This is partially a consequence 
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of computational techniques being more refined in lower dimensions. E.g., various leading 
non-trivial contributions in a' to the lOd type II supergravity action have been determined 
[T5l fT6l fT71 IT8] . One may hope to establish the complete action to this order by lOd 
supersymmetric completion [19] . However, the lOd supersymmetry equations have simply 
proved too cumbersome to date. By contrast, the supersymmetric completion of the 
contribution of these terms to the 4d M = 2 supergravity action is readily available, 
yielding the full string tree level and one loop corrected action. In fact, in 4d we can, 
as we will discuss, even draw conclusions regarding the all string loop corrected action. 
Studying the lower dimensional theory is however not merely a question of computational 
convenience. An effective higher dimensional description of worldsheet or brane instantons 
is even conceptually problematic. 

In [12] , it was shown that expansion forms can be defined on Nearly Kahler manifolds that 
satisfy the conditions of [H] , implying that the reduction of the type IIA action based on 
these forms yields Af = 2 gauged supergravity in 4d. It was further demonstrated that 
the truncation in this setting is consistent in the supersymmetric sector (i.e. 4d solutions 
preserving M = 1 supersymmetry lift). In this paper, we shift our focus to certain 
coset spaces which subsume the currently known set of 6d Nearly Kahler manifolds. We 
introduce these spaces in section [2j Considering the emphasis on base point independence 
of the reduction, it was perhaps somewhat disappointing that the theories based on Nearly 
Kahler reduction yielded a single supersymmetric vacuum for a given choice of fluxes. 
Cosets by contrast permit multiple M = 1 solutions for a given choice, which are all 
accessible via the 4d theory. We demonstrate this in section [3j Due to flux quantization, 
the solutions come in a discrete family. We perform the required .fT-theory analysis. In 
section [4], we demonstrate that the left-invariant coset reductions represent a consistent 
truncation by establishing that the lOd equations of motion reduce to the 4d equations 
following from the appropriate M = 2 action. This extends the analysis of [11] beyond 
the RR sector and overcomes the restriction to consistency merely of the supersymmetric 
sector [121 [20]- Fueled by this result, we turn to the study of non-supersymmetric vacua 
of the 4d theories in sections [5] and [6] We find several non-supersymmetric Nearly Kahler 
companions to the solution of section [3] and study their stability, in particular with regard 
to deformations away from the Nearly Kahler locus. We also consider the question of the 
existence of de Sitter vacua, which has received some attention recently in the type IIA 
context [2H [221 E 1231 12H 122] • We demonstrate that such vacua are absent at string tree 
level (we prove this result in greater generality than the coset context: it is valid for any 
gauged supergravity with merely the universal tree-level hypermultiplet, irrespective of 
the specifics of the vector multiplet sector). Due to the increased leverage in the M = 2 
setup, we are able to push this analysis beyond tree level. We obtain the full string loop 
corrected potential, which evades the tree-level no-go theorem, and uncover a necessary 
condition on the contribution of the NSNS sector to the potential for de Sitter vacua to 
be possible. In two appendices, we fill in the details of the dimensional reduction leading 
to the 4d J\f = 2 theory (appendix [A}, and study the string loop corrected 4d J\f = 1 
conditions (appendix [B]). 
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2 Introducing the internal geometries 



We consider dimensional reductions of massive type IIA supergravity on left coset spaces 
Mq = G/H endowed with a left-invariant SU(3) structure. An exhaustive list of such 
cosets was provided in ref. [26J (see section 1 and in particular table 1 therein). In the 
following, we are going to focus on the cosets whose SU(3) structure cannot be further 
reduced to SU(2), namely 

SU(3) Sp(2) G 2 



U(l) x U(l) ' S(U(2) x U(l)) ' SU(3) ' 
where S(U(2) x U(l)) is non-maximally embedded in Sp(2). 

It is easy to see that a reduction performed on these manifolds by expanding the higher 
dimensional fields in a basis of left-invariant forms satisfies the constraints of [H] and 
therefore yields a gauged Af = 2 supergravity in 4d. 

The remaining cosets listed in [26J have vanishing Euler characteristic and admit a left- 
invariant vector: their SU(3) structure group is therefore further reduced to at least SU(2). 
For these cosets, the Af = 2 reduction ansatz based on the presence of SU(3) structure 
can be more naturally enlarged to include the whole set of left-invariant forms, possibly 
yielding a further extended supergravity (Af > 4) in 4d. 

The only non-vanishing torsion classes^ characterizing the SU(3) structure of the cosets 



(2.1) are W\ and W2, i.e. the SU(3) invariant 2- and 3-form J and Q satisfy 



dJ = hm (Wifi) , 

dVl = W X J /\ J + W 2 A J. (2.2) 

In fact, allows just W\ 7^ and is therefore a Nearly Kahler manifold. The cosets 

uTiTxum an< ^ s(U(2)xU(i)) a ^ so ac iiiiit a region in the SU(3) structure parameter space in 
which they are Nearly Kahler, but in general, their W2 torsion class does not vanish. Since 
W\ and W2 can be chosen purely imaginary, these cosets fall into the class of 'half-flat' 
manifolds, characterized by Re W\ = Re W 2 = W4 = W 5 = 



A description of the coset spaces (2.1) was given e.g. in [2H]. In the context of SU(3) 
structure compactifications of (massive) type IIA supergravity, supersymmetric AdS.4 
backgrounds on these manifolds have recently been found in j26j [30l EU [32] and further 
discussed in [33], while refs. [3U [23] study the properties of the associated effective 4d 
Af = 1 supergravity in the presence of orientifold projections (see also (31] for a previous 
work considering the coset ) . Type IIA reduction on Nearly Kahler manifolds has 



been worked out in [T2]. The cosets (2.1) appeared in the string literature in [221 EE] in the 
heterotic context, and have also been employed recently in [37] for heterotic dimensional 
reductions. 



1 For a review of SU(3) structures and their torsion classes, see e.g. subsection 3.2 of ref. [27] , 
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2.1 The expansion forms 



In the following we provide the most general left-invariant positive-definite metric for each 



coset (2.1), as well as a basis for all the left-invariant differential forms, on which we are 



going to expand the supergravity fields. 



We define the 6d coset spaces (2.1 ) as in ref. [26], and in particular adopt the set of group 
structure constants listed therein. The same reference also provides a summary of the 
needed mathematical notions about coset spaces, while a more extended review can be 
found e.g. in [2"5] . 

Using the local coframe^] {e— } inherited from G, a differential form on the coset G/H 
reads = h^m^---,rn. k e ~ 1 A ••• A e— k . This is invariant under the left action of G if 
its components are constant and satisfy the following relation involving the G structure 
constants 

f-i\m 1 ^m 2 ...m k ]p = , (2-3) 

where the index i is associated with the generators of the algebra f), while the underlined 
indices label a basis for the complement of f) in q. For the coset metric ds 2 = g m nG— <S> e- 



the relation is analogous to (2.3), with a symmetrization of indices replacing the antisym- 
metrization. The action of the exterior derivative preserves left-invariance, and is also 
determined by the structure constants of G. 

None of the cosets we consider admits left-invariant 1- or 5-forms. 
We define the 'standard volume' of the cosets as 



I:= e 



,123456 



2.1.1 su(3) 



U(l)xU(l) 

Left- invariant metric: 

g im = di&g(v 1 ,v 1 ,v 2 ,v 2 ,v 3 ,v 3 ) , v 1 > 0, v 2 > 0, v 3 > . (2.4) 

The left-invariant forms are spanned by 

uj = 1 , u l = -e 12 , uj 2 = e M 



a = ^(e 135 + e 146 - e 236 + e 245 ) , (3 = ^(-e 136 + e 145 - e 235 - e 246 ) , 

~0 = l e 123456 ; ^ = I e 3456 ^ ~2 = , ^3 = 1 e 1234 ^ 



Here and in the following (see in particular subsection 4.3), frame indices are underlined 
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2.1.2 



Sp(2) 



S(U(2)xU(l)) 

Left- invariant metric: 

grnn = diag^ 1 , v 1 , v 1 , v 1 , v 2 , v 2 ) , v 1 > 0, v 2 > . 
Basis of left-invariant forms: 



(2.6) 



LOq = 1 



-e 12 - e 34 



^ = e 56 , 



a 



;e 135 + e 146 + e 236 _ ^45) 







2V 7 / 



; e 136 _ e 145 _ e 235 _ ^46) 



~0 = ^123456 ^ 



~1 = J_ (e 1256 +e 34 56) ; - 2= ll234 



(2.7) 



2.1.3 



SU(3) 

Left- invariant metric: 

gWj = diag^WS^W) , f 1 > . 
Basis of left-invariant forms: 



,12 i „34 56 



{21 



a 



2y/l 



'e 135 + e 146 - e 236 + e 245 ) 



2y/l 



(_ e 136 + e 145 _ e 235 _ e 24 6 > 



~0 = i e 123456 ^ ~1 = l (e 3456 _ e 1256 + ^234) 



(2.9) 



2.1.4 Properties 



The overall factors in the basis forms (2.5), (2.7), and (2.9) have been chosen in such a 
way that 



(u A ,Cu B ) = 5 1 / 



aAP = l 



(2.10) 



where A = (0, a) , B = (0, b) and a, b label the left-invariant 2- and 4-forms. The an- 
tisymmetric pairing ( , ) is defined on even forms p, a as (p, a) = [A(p) A cr] top , with 

k 

A(Pfe) = ( — ) ^Pfc , being the degree of p. 
The basis forms define a closed differential system, 

cL; a = q a a , 
da = , d/3 = q a u a , 



duo 



~.A 



0. 



which is also closed under the action of the Hodge star operator, 



(2.11) 



~,o 



Vol ' 
5 



G ab u; b . 



AVol 





SU(3) 






Sp(2) 


G 2 


U(l)xU(l) 


S(U(2)xU(l)) 


SU(3) 


range of a : 


1,2,3 






1,2 


1 


geometric flux q a : 


qi = <?2 = <?3 = - 


-VI 


qi = 


2V7 , q 2 = V~I 


qi = 2V3I 


G ab = 


diag^^ 1 ) 2 , 4(v 2 ) 2 


A(v 3 ) 2 ) 


diag( 




Kv 1 ) 2 


Vol = 


v 1 v 2 v 3 I 






{v l fv 2 I 




I = 


2 5 7T 3 






2 7 7T 3 

3 


1447T 3 

5 



Table 1: Values of the different quantities introduced in subsection 2.1 



Here, the q a encode what are sometimes referred to as geometric fluxes, Vol denotes the 
volume of the coset, and the matrix Q ab is the inverse of 



lab 



AVol 



u a A *u b 



(2.12) 



corresponding to the special Kahler metric on the space of the internal metric and B-field 



deformations |14J ; see subsection A. 1 of the appendix for more details. 

In table [TJ we give the values of the quantities introduced above for each coset. The 
standard volume / was computed following ref. [29jj^] Its evaluation requires knowledge 
of the Euler characteristic of our cosets. Since the harmonic forms on a compact coset 
reside among the left-invariant forms, we can read off the cohomology from the differential 



relations (|2.11|). We immediately conclude that all our cosets have trivial odd cohomology. 

SU(3) 



Concerning the even cohomology, for 



U(l)xU(l)' 



with 



(2.13) 



we have 



H 2 = Span ([uj[], [co' 2 ]) , H 4 = Span ([a) 1 ], [c</ 
hence the Euler characteristic is x = 6. 



For 



Sp(2) 
S(U(2)xU(l)) 



we have b 2 = 1 and x = 4, while for 



G 2 



SU(3)' 



and x = 2. 



2.2 The SU(3) structure 

For each coset in (|2.1[), the pair of left-invariant forms parametrized by v a , 



J = v a u) a , Q = 2VVol(a + i(3) , (2.14) 

3 We have a 2 6 supplementary factor in / with respect to [29 . This is due to the fact that for the 
normalization of the group structure constants we follow the choice of |26j . and this differs from the one 
of [25] by a factor 1/2. 
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satisfies the relations J A Q = and AQ = J A J A J and hence determines a left- 
invariant SU(3) structure. The metric specified by J and Q is precisely the one given in 
eq. (2.4), ( |2.6 ), and (2.8) respectively for the three cosets. Using the properties of the 
basis forms listed in subsection 2.1.4 above, one can see that the differential relations (2.2) 
are satisfied, with torsion classe^j 



Wi 
W 2 



iv u q a 




V V 



\g ab )uj b . 



(2.15) 



Substituting the quantities given in the table of subsection 2.1.4 we see that the Nearly 



Kahler condition W 2 = is identically satisfied on 



G 2 



SU(3) " 



For 



Sp(2) 



S(U(2)xU(l)) 



and 



this condition is satisfied on a line in the parameter space determined by v 1 



SU(3) 
U(l)xU(l)' 



v and 

v 3 respectively. In this Nearly Kahler limit the cosets are Einstein manifolds 



(the only other loci at which the Einstein condition is satisfied are 2v 1 = v 2 for 



and 2v l 



2v 2 



or cyclic permutations of this, for 



SU(3) 
U(l)xU(l) 



Sp(2) 
S(U(2)xU(l)) 



)• 



The forms (2.14) are the most general left-invariant pair satisfying the SU(3) structure 
defining relations (the overall phase of Q is unphysical; requiring the torsion classes to be 
purely imaginary, as we have done, fixes it up to a sign). In particular, since the volume 
Vol is fixed by the v a , we see that Q identifies a rigid SL(3,C) structure, and there are no 
almost complex structure moduli. 



2.3 An alternative basis? 

In [T4], conditions on the expansion forms were emphasized that arise when these are 
moduli dependent, as is the case with the basis of harmonic forms on which Calabi-Yau 
reductions are based (the *-ed conditions in section 2 of [14J). For the set of expansion 
forms that we have introduced above, these conditions are trivially satisfied, as the forms 
are moduli independent. In this sense, our expansion ansatz here is technically simpler 
than in the Calabi-Yau case. However, in a small flux approximation, the Laplacian 
A = — * d* d — d * d* becomes the mass operator for the modes of the lOd supergravity 
fields, and an expansion in eigenforms of it is physically motivated. Can we replace the 
forms introduced above by such a basis of eigenforms? 

In the Nearly Kahler case the expansion in eigenforms of the Laplacian is further motivated 
by the fact that both J and Q are themselves eigenforms of A [12]. In the more general 
case W 2 7^ 0, this is still true for fij^] 

Att = (3|H/!| 2 + ^W 2 jW 2 )Q , (2.16) 

4 The evaluation of Wi is performed rewriting the second line of ( |2.2| as W 2 = 2W\J — *d£l. 
5 One needs the relation dW 2 = l(W2jW 2 )Refl, satisfied by the cosets (2.1 1. 
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but not for J, which instead satisfies 

AJ = 3|H^i| 2 J- -Re(WiW 2 ) . 

Considering e.g. the coset u(fjxU(I)' a change of basis sending the 2-forms introduced in 
(2.5) to a set of eigenforms of the Laplacian is 

u 1 = u 1 -uj 3 , uj 2 =u 2 -uj 3 , uj 3 = , (2.17) 

z2b( v ) 

where Au[ = Au' 2 = , while Au' 3 = ) +(" ) +( v ) ^ _ The harmonic 4-forms are 
spanned by 

3 1 3 2 

*uj\ oc -ru) -cu 3 , *o;o oc —Cj 2 -u 3 , (2.18) 

while *lu' 3 oc — \fl{£j l + Cu 2 + uj 3 ) = d(3 is exact. 

The condition v a d v bU a (*7 of [Hj) gives rise to a complicated set of equations for possible 
v a dependent normalization factors of the primed basis. However, it is easy to see upon 
inspection that the moduli independence of the triple intersection product (condition *8 
of [H]) cannot be satisfied for any such choice. The question whether the choice of left- 
invariant expansion forms can be motivated from a Kaluza-Klein reduction point of view 
hence remains an interesting open question. 



3 Supersymmetric lOd solutions parametrized by fluxes 

In this section, we will rewrite the family of M = 1 solutions of the lOd supergravity 
equations found in |26j in a manner which makes the discreteness of this family as a 
result of flux quantization manifest. By [20] and [12], these solutions can be recovered 
from the 4d point of view. After proving the full consistency of our reduction in section 
|4| we will proceed to complement these solutions with their non-supersymmetric relatives 
in section [6j 

3.1 Flux quantization and A'-theory 

RR- fields are classified topologically by K-theory classes [3HI [39]. This has two conse- 
quences for the choice of fluxes associated to the RR-fieldstrengths. Firstly, the naive 
integer quantization of fluxes must be replaced by quantization in multiples of fractions 
determined also by the topology of the compactification manifold. Secondly, not every 
choice of flux number satisfying these quantization conditions will possess a f^-theory lift 
and hence be permissible. We will now study these two points in turn. 

In [2S], fluxes were conjectured to take values in the image of the map 

sJI(X) ch(-) : K(X) - tf cvcn (X, Q) . 
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ch(x) is the Chern character as extended to a K-theory element x = E — F via ch(x) = 
ch(£) - ch(F). Hence, 

= V5ch(x), (3.1) 

Z7T 

where F = Yli=o ^zi denotes a formal sum of all RR-fieldstrengths, and [•] indicates 
rational cohomology class (rational rather than integral due to the fractional coefficients 
of Chern classes that appear in the expansion of the Chern character). When H ^ 0, the 
equations of motion and Bianchi identity of F are modified from the naive Maxwell form, 
enforcing harmonicity of F, to a version of these equations twisted by H. In particular, F 
now satisfies (d — H)F = 0. When H is exact, as will be the case in our study, if -twisted 
cohomology maps to ordinary cohomology via F — > e~ B F, where H = dB. It hence proves 



convenient to introduce a basis of RR fields given by G = e B F. Equation (3.1) then 
holds for G rather than F, and the term 'fluxes' refers to the cohomology classes [G]. 

To decide which fluxes we can choose as boundary conditions of our physical system (and 
then parametrize our solutions by this choice), we need to decide on electric vs. magnetic 
variables. Ignoring subtleties related to torsion, which does not enter in a supergravity 
analysis, we can choose the electric basis to lie in ©f =1 if 2 *(X, Q). 

Let us now consider the question of flux quantization. To this end, we expand the right 



hand side of (3.1 ) in terms of Chern classes for x the class of a vector bundle F on X, 

cho(F) = rank(F) , ch^F) = Cl (F) , ch 2 (F) = ^[d(F) 2 - 2c 2 (F)] 

1 



ch 3 (F) = y [ci(F) 3 - 3 Cl (F)c 2 (F) + 3c 3 (F)] , 

' A=l-^ + .... 
24 

HenceQ 

^ = rank(F) , M = Cl{F) , M = \ [cx{F f - 2c 2 {F)] - ^rank(F) , 

^ = ^[ci(F) 3 - 3 Cl (F)c 2 (F) + 3c 3 (F)] - . 

As Chern classes take value in integral cohomology, it follows that, ignoring gravitational 
effects, in the presence of G 2 flux, G^/2n is generically half- integrally quantized, and 
Gq/2ti is quantized in multiples of |. Incorporating the A-genus generically yields quan- 
tization in multiples of ^ for both G^j2i: and Gq/2it. In particular, for the cosets we are 
considering, the Pontrjagin classes are given by 

KlW^I))^ 1 ' K s(u(2) P x 2) u(i)) )-< 1+ - 2 > 4 • "(si)H' (3 - 2) 



6 We thank M. Haack and L. Martucci for pointing out a term that was missing in the following 
formulae in a previous version of this paper. 
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SU(3) 


Sp(2) 


G 2 




U(l)xU(l) 


S(U(2)xU(l)) 


SU(3) 


Go 


Z 


Z 


z 


G 2 


z 


Z 




G4 


|Z 


^Z 










Z 



Table 2: Quantization conditions on fluxes. 

The first result follows from a theorem of Borel and Hirzebruch, according to which the 
Pontrjagin class of a coset G/U, with U a maximal torus of G, is trivial. The latter two 
follow from the identification of the two cosets topologically with CP 3 and S* 6 respectively. 
The x that occurs is the generator of the integer cohomology of CP 3 . It follows that Gq/27t 
is quantized in multiples of | for the cosets u^^^i) anc ^ su(3) > anc ^ m multiples of ^ for 

s(U(2)xU(i)) • ^ or su(3) ' we can S° further. In |4"0] . the following mod 2 relation among 
Chern classes is derived 

c 3 (E) = c x {E)c 2 {E) + Sq 2 c 2 (E) mod 2. 

Since has no 2- and 4-cohomology, it follows that 03(E) must be even for any vector 
bundle on this space ( |40j provide an index theory argument for this conclusion). We 
conclude that on this coset, Gq is integrally quantized. These results are summarized in 
table 

We turn to the second question raised above: given an element of H*(X, Q) satisfying the 

integrality conditions just discussed, when does it lie in the image of the map ^/Ach(-), 
thus qualifying as a viable choice of flux? We will not provide a general answer, but address 
the following two subquestions which will be relevant in the next subsection. 



Is it possible to have only Go and Gq non-vanishing? It is a theorem (see e.g. 



Thm. V.3.25 in [H]) that the map (3.1) provides an isomorphism when the domain is 
extended to rational i^-theory, K(X) (g) Q. It follows that any class in H*(X, Q) lifts to 
a fractional i^-theory class. Multiplying our choice of Go and G§ with an appropriate 
integer hence always provides a viable choice of flux. 



Given G 2 = 0, which G4 are permissible? Let us consider the class 

[G 4 ] Pl (X) 

x = rank [r . 

2vr 48 v ; 

Among the geometries we consider, x differs from [C?4]/(27r) only for CP 3 , x is integrally 
quantized whenever G 2 vanishes. For the two cosets with non-trivial 2- and 4-cohomology, 
this is the only restriction on x, i.e. x can take values in all of H A (X, Z). As pointed 
out in jlQ] , this situation arises whenever the cohomology of the manifold is generated in 
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second degree. If we call the generators x i: line bundles Lj exist with Ci(Lj) = The 
.fT-theory classes Xij = Lj ® — Lj © L 3 - can then be used as building blocks for lifting x 
to a i^-theory class, by 

If we choose Go-flux as a multiple of 12, we can ignore the gravitational contribution 
which accounts for the difference between x and [G^]/(2tt) in the case of CP 3 . Then, 
[G 4 ]/(27r) takes values in H 4 (X, Z) also for this case. 



3.2 The solution 

The M = 1 supersymmetry conditions for an AdS 4 vacuum with internal SU(3) structure 
have been determined by [12] (see [UI33] for generalization to the SU(3) xSU(3) structure 
context). A non-trivial warp factor is not allowed, and the dilaton has to be constant. 
Furthermore, in our convention^ the equations governing the H- field and the internal RR 
field strengths read 

H = (-1Y — e^ReQ, (3.3) 
5 

F = m, F 2 = - J -J+(-l)He^W 2 , F 4 = — JAJ, F 6 = J -JAJAJ, 

9 10 o 

where the only non- vanishing purely imaginary torsion classes are W\ = (—l) s ^e^f and 
W 2 . The only Bianchi identity which is not automatically satisfied is dF 2 — HFq = 0. 
This imposes 

dW 2 = te^(^f 2 - 2 -m 2 )Ren. (3.4) 
The AdS cosmological constant is determined by 

A = g + t) ■ (3 ' 5) 

Following work of [32], [26] showed that these equations can be solved on the cosets we 
introduced in the previous section, by expanding all fields in forms invariant under the 
left group action. We will repeat this analysis, but parametrize the solutions by the 
fluxes [G] , as introduced in the previous subsection, rather than the parameter / and the 
dilaton. This is the favored approach as it allows us to take flux quantization into account 



7 Our supergravity field strengths are as in |44j . We derive the susy conditions starting from an ansatz 
for the two type IIA susy parameters e 1 , e 2 which assigns negative chirality to e 1 and positive chirality to 
For the gamma matrices and the SU(3) structure we adopt the conventions listed in subsection A. 2 



of [TT]. The resulting equations (3.3) and the SU(3) torsion classes differ from the ones in (26] by just a 



few minus signs. The factor of ( — l) s = ±1 arises in the following equations as unlike [42 , we have fixed 



the phase of ft once and for all in (2.141; see also [43]. Both signs are consistent with supersymmetry. 
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naturally (from a 4d point of view, the distinction between fluxes and parameters such 
as / and the dilaton is most striking, as the former correspond to charges, the latter to 
VEVs; in lOd, while fluxes can also be considered as VEVs, they are distinguished by 
encoding topological information). 

We will focus on uTjwfjWj for concreteness. This example is the most rich among the 
three cosets we are considering, as it has the largest set of left-invariant forms, and the 
largest cohomology. 



The ansatz (2.14) already led to the expressions (2.15) for W\ and W 2 in terms of the 
metric parameters v a . It will prove convenient for this section to express the internal 
component b of the B-field using the closed 2-forms (2.13), 

b = b' 1 u' 1 + b' 2 uj' 2 + b' 3 u 3 . 

Thus, b' 1 and b' 2 capture topological information about the -B-field, while b' 3 enters in H. 
Likewise, our ansatz for G is 



Go 
G 2 
G4 
G% 



m , 

m + m uj, 



2 ■ 



—eiu 1 



e 2 u> 2 



The equations of motion for G are complicated, and are encoded in the equations (3.3). 
By contrast, the Bianchi identities are already guaranteed by the ansatz (hence the use 
of primed forms). 

To solve (3.3) in terms of the flux parameters, we begin by solving (3.4) in term of 0, 
invoking the relation between W\ and /, 

5 



■[6 



16m 2 v 1 v 2 v 3 ' 

a<b 



^v a v b 



For the rest of this section, <ft will denote this solution. 

Utilizing the equation for H, this allows us to solve for b' 3 in terms of the metric param- 
eters, 



!/3 



(-l) s 



_ x 4m 



\s+l 



5 

m 

\m\ 



V v l v 2 v 3 e^ 



\ 



Q^ v a v b _ 5 y](tt a ) 



a<b 



We next want to solve for /, starting with 

1 



./ 



Gfi + B AG 4 + ^-B 2 AG 2 + -B 3 AG = J —J A J A J . 
2 3! o 



(3.6) 
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We eliminate the B 3 term via 



Hence, 



! ) 711 

F 4 = G 4 + B A G 2 + -B A B A G = J A J 

2 ° 10 

& mB 3 = B AJAJ-2BAG 4 - 2B 2 A G 2 ■ 

5 



f 2 1m 

-JAJAJ = G 6 + -B AG 4 + -B 2 AG 2 + —B AJ AJ . 
6 3 6 10 



and substituting / into 



F 2 = G 2 + B A G = -{-J + {-\)'ie~*W^ 

9 



yields three equations which can be solved for b' 1 , b' 2 and £ 

6' 1 : 



^ (5f 1 - 3(v 2 + ■u 3 ))v /, w 1 f 2 v 3 _ <t> m' 1 
Av 2 v 3 m m ' 

/2 _ , . s (5f 2 - 3(w 1 + w 3 ))vVf 2 « 3 _0 m /2 

We omit the expression for £, which is lengthy and not illuminating. 

At this stage, we have expressed ^,b' a ,e^ in terms of v a . Substituting these into the F 4 
equation, 

G A + G 2 AB + -BABAG Q = — J A J, (3.7) 

yields three independent equations for v a , two of which take the simple form 

(v l - v 3 )(vV + v 2 v 3 - 3vV) 2 ^,mei /2 , x /2 

— e l - ; — I" m (2m +m )) = 0, 

v L v 6 I 

(v 2 — v 3 )(v 1 v 2 + i; 1 !" 3 — 3v 2 v 3 ) oA,me 2 n , n , 9 .. 

^ --e^- i + m' 1 m' 1 + 2m' 2 = 0. 3.8 

v v s I 

The main new feature we wish to demonstrate, as compared to the Nearly Kahler analysis 
of [12], is the presence of several supersymmetric vacua of a given theory, i.e. upon a fixed 
choice of fluxes. This phenomenon already occurs at e a = m' a = 0, which is a permissible 
choice of flux by the previous subsection. The third equation following from (3.7) here 
takes the form 



l^VvhPv 3 e + (-1) S+1 8J v 2 v 3 {v V - 3v V - 3v l v 3 ) = . 
It is easy to see that this system of equations has, aside from the Nearly Kahler solution at[^] 



e 
m 



3 



1 2 3 VI5 / 1 

V = V = v = 

2 1 20/ 



8 Note that physical! ty (positivity of v a ) determines the appropriate choice of s depending on the sign 
of e. 
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the solution 



2v i 
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e 






m 


r 



as well as two others which arise upon cyclic permutation of f 1 ,t> 2 ,t> 3 . 

The symmetry between the three metric parameters v 1 , v 2 , v 3 can be broken by considering 
backgrounds with G 4 flux. E.g., maintaining G 2 = 0, we obtain from (3.8) 

ei ^0 -> v x ^v 3 , 
ei 7^ e 2 -> / v 2 . 



We have checked numerically that e.g. at e± ^ 0, e 2 = 0, solutions with v 2 = v 3 exist. 



4 The dimensional reduction 



4.1 The truncation scheme 



As announced, we will adopt a reduction prescription in which the higher dimensional 
supergravity fields are expanded on a basis for the left-invariant tensors admitted by the 



coset. This expansion basis was introduced in subsect. 2.1 for the three cosets (2.1 ). 

We stress again that this G-invariant truncation does not coincide with a massless Kaluza- 
Klein ansatz. We can illustrate the differences between the two schemes e.g. by consider- 
ing the gauge vectors of the dimensionally reduced theory arising from the decomposition 
of the higher dimensional metric. The conventional massless Kaluza-Klein ansatz as- 
sociates a gauge vector of the truncated theory to each Killing vector on the compact 
manifold, the gauge symmetry being inherited from the reparameterization invariance of 
the higher dimensional spacetimej^] On the other hand, the G-invariant ansatz preserves 
just a subgroup of the full isometry group of the internal manifold G/H. The theory of 
compact left coset spaces endowed with a left-invariant metric (such are the cosets we 
consider) states that in general the isometry group of G/H is G x N(H)/H, where N(H) 
is the normalizer of H in G, defined as N(H) := {g G G : gH = Hg} . The G factor in 
G x N(H)/H is associated with the left action of G on the coset, while the N(H)/H factor 
derives from the right action of G. The Killing vectors generating the right isometries are 
left-invariant, while this is not the case for the ones generating the left isometries]^] It 
follows that a left-invariant reduction ansatz keeps only the former, and the gauge group 
descending from the higher dimensional metric sector is just N(H)/H. 

For the cosets we consider the G-invariant ansatz is particularly simple, because N(H)/H 
turns out to be trivial. This can be seen either by observing that rank G = rank H [29] , 



9 In principle, non- vanishing background values of the non-metric supergravity fields may break the 
gauge symmetry to a subgroup of the isometry group, however this is guaranteed not to happen as far 
as these vevs are invariant under the isometries [T3J pag. 16]. 

10 A detailed discussion of the isometries of G/H can be found in section 2 of ref. [35] . 
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or by noticing that our cosets do not admit left-invariant vectors at all. We conclude that 
no gauge vectors will descend from the dimensional reduction of the type II supergravity 
NSNS sector, and the whole (abelian) gauge group will be provided by the RR sector. 
This is analogous to what is realized in Calabi-Yau compactifications. 

Though physically well motivated, dimensional reductions based on the full massless KK 
ansatz have a drawback: they are generically inconsistent [IH [13] . Rare exceptions are 
known, an example being the S 7 reduction of [47] (see [3B] for a discussion of consistent 
KK sphere reductions). The G-invariant reduction scheme is instead believed to provide 
consistent truncations, due to the fact that the preserved invariant fields never generate 
the truncated non-invariant modes. A further argument for consistency is that the substi- 
tution of a G-invariant ansatz guarantees the dropping of the dependence on the internal 
coordinates y from the higher dimensional Lagrangian, see e.g. [4*9l IT3] for more details. 
The consistency of the G-invariant scheme was explicitly shown in ref. [50] for a reduction 
of the pure gravity action. Recent related discussions can be found in [51] (for coset space 
reductions of Einstein- Yang-Mills theories), in [521 153] (for Scherk-Schwarz reductions on 
group manifolds), and in [5UI55] (for consistent reductions on spaces supporting AdS so- 
lutions, and their relation with the dual SCFT). However, an explicit check of consistency 
in the context of SU(3) structure compactifications with fluxes had not been performed 
to date. In subsection |4.3| we will work out the reduction of the higher dimensional equa- 
tions of motion in detail, and prove the consistency of the truncation of the full type IIA 
bosonic sector for the cosets (2.1). 



4.2 The 4d action 



Following the reduction prescription for type IIA on SU(3) structure manifolds initiated 
in [5], the complete 4d gauged Af = 2 bosonic action has by now been derived [511 EZl 
58} EU E]. Here, we will use the notation of ref. [TT]. Separating the contribut ions of the 
NSNS and RR sectors, the action arising from a reduction on our cosets (2.1) reads 

S (4) 



o(4) , n 



(4) 
RR' 



with 



S$ = [ ( \r a * 1 - \e~**dB A *dB - dip A *dtp - Q ah dt a A *d? - V NS * 1 
J Mi ^2 4 



(4.1) 



S 



(i) 



1. 



1 



HH - , 1 -lmAf AB F A A*F B + -ReAf AB F A AF B - — (D£ A *D£ + d£ A *d£) 
J Mi ^ 4 4 4 

+ - A dB A [idl - £D£ + 2e A A A + £q a A a ] - X -m A e A B AB- V RR * 1 } . (4.2) 

The different quantities appearing in this 4d action are introduced in appendix[Aj where 
we also give some details about the derivation from the higher dimensional supergravity. 
The 4d degrees of freedom descending from the NSNS sector are the metric g^ u , the 2- 
form B, the complex scalars t a = b a + iv a and the 4d dilaton <p, d efined in (A.2). The 



RR sector yields the scalars £ and £ introduced in the first line of (A.13), as well as the 
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gauge potentials A A , whose modified field strengths F A are defined in (A. 14) (recall that 
the index A runs over (0, a) ). 

The N = 2 action contains the gravitational multiplet (g^, A ), a number of vector 
multiplets (t a , A a ) (see table[I]for the coset dependent range of a), and one tensor multiplet 
(B,(p, £, £). When m A = the antisymmetric tensor B becomes massless and can be 
dualized to a scalar, yielding the universal hypermultiplet. From D£ = c?£ — q a A a it 
follows that £ is charged under the A a , the charges being provided by the geometric fluxes 
q a given in table [l] The graviphoton A instead does not participate to this gauging (due 



to the fact that the compactification manifolds (2.1) do not allow for a flux of the NSNS 
3-form [5]). 

The special Kahler metric Q ab governing the kinetic terms for the scalars in the vector 
multiplets is given in table [TJ and further discussed in subsection |A.1| of the appendix, 



together with the period matrix Nab describing the kinetic and topological terms for the 
gauge potentials. 

The full 4d scalar potential reads V = Vns + Vrr- Reduction of the internal NSNS sector 
on our coset spaces yieldf] 

e 2v 1 
V m = - — (R 6 --H_ S H) 



q a q b (G ab -Sv a v b + b a b b ) , (4.3) 



AVol 

where the 6d Ricci scalar R§ has been evaluated in terms of the torsion classes expressed 



in eq. (2.15) via the formulg 12 [59 



1 15 1 

Rs = ^\W x \ 2 --W 2 jW 2i (4.4) 

while for the internal NSNS 3-form we have H = d§b = b a q a a. 

The RR contribution to the scalar potential, obtained from the general expression given 



in eq. (A. 15) of the appendix, is 



Vrr= [m A lmN A Bm B + {eA+qA^-m c ReNcA){lmN)- 1AB {e B +q B ^-ReN B Dm 

(4.5) 

where qA = (0, q a ). Notice that while £ appears in the potential, the other RR scalar £ is 
a flat direction (however, £ is not a modulus, since it is charged under the A a ). Since the 
matrix \m.N is negative, Vrr is positive semi-definite. 

n For any pair of forms P,Q of degree k we define the contraction PjQ := -gP mi ...m k Q mi "' mk ■ In 
our conventions for the Hodge *, we have (P jQ) * 1 = P A *Q. This also holds for the lOd spacetime 
equations of the forthcoming subsection. 

12 An equivalent expression for Rq was given in |29j using a general formula relating the Riemann tensor 
of G/H to the structure constants of G. The 4 factor mismatch we have with respect to that expression 
is due to the different normalization of the SU(3) structure constants already mentioned in footnote|3] 



4:1ft 



D 
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4.3 Consistency of the truncation 



We now prove the consistency of the dimensional reduction leading to the 4d action 
introduced in the previous subsection. To this end, we plug the G-invariant reduction 
ansatz into the bosonic equations of motion (EoM) of type IIA supergravity, and show 
that these yield the EoM following from the reduced action . 

The reduction of the equations for the RR degrees of freedom was already described in the 
general analysis of [TT] and is summarized, for the specific compactification on the coset 



spaces (2.1), in subsection A. 2 of the appendix. In fact, the piece (4.2) of the 4d action 
has been established requiring its compatibility with the EoM for the 4d fields A A , £, £ as 



obtained from the higher dimensional equations (A. 10), (A. 11 ). It follows that, as far the 



RR sector is concerned, the reduction is consistent by construction. 

Hence, we just have to analyse the equations of motion for the NSNS degrees of free- 
dom, namely the -B-field, the Einstein and the dilaton equations. For the democratic 
formulation of type IIA supergravity jS] in string frame, these read 



d(e- 2 **H) - -[F A*F] 8 







,24, 



10 



Rmn + 2V M<9jv</> — -l m Hjl n H — ^ iMF(k)-*tNF(k) = 



R-^-HjH + 4(V 2 <f>-d M t 



k=0,2 

w 







(4.6) 
(4.7) 
(4.8) 



where the hat denotes lOd quantities, F = X]fc=o 2 ^O) ^ s * ne sum °f the RR field-strengths, 
and M, N are lOd spacetime indices. 



B-field EoM 



The -B-field EoM (4.6) is an 8-form equation. Its expansion in the left-invariant forms on 



M 6 yields two independent equations: the first exhibiting two indices along 4d spacetime 
M4 and 6 indices along Me, and the second with 4 indices along M4 and 4 indices along 
Mq. We get no equation with 5 indices along Mq due to the absence of invariant 5-forms 



on the cosets (2.1). Concretely, recalling (A. 11) we rewrite the RR piece of (4.6) as 

[FA*F] 8 = [FAA(F)] 8 = [GAA(G)] 8 . 



Expanding B as in (|A.4|) and G as in (|A.12|), we see that eq. (|4.6|) reduces to 





d{e~^ * dB) + GLG 



{0) (J {2)A - <J( )A«J-(2) 



G(o)aG(2) + A G(i 



r (l) 



and 



- 4d 4 (g ab * 4 d 4 b b )u a + e-^+^voU A d 6 (* 6 d 6 b) + 



+ 



"(0)"(4)a T <J"(4)<J-(0)a 



Y~ sib r~ic 
'^-a6c , -J(0) ( - T (4) 



G(2) A G(2) a 



fcabcG h (2) A G 



(2) 



(4.9) 

(4.10) 
= 0, 
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where the 4d forms G^^G^ are expressed in (A. 13), and we used u> a A u b = —K, abc uj c , 
with the JC abc given in (A.7). 

Eq. (4.9) provides the EoM for the 2-form B in 4d. It already appeared in section 5 of 
ref. [11] . where it was employed in order to deduce the 4d action written in subsection 



4.2 above. It follows that, on the same footing as the RR equations, consistency of this 



equation with the action is guaranteed by construction. 

Eq. ( 4.10[ ) (which was not analysed in [IT] ) corresponds to the EoM for the 4d scalars b a 
defined by the expansion of the internal B-fie ld b on the basis 2-forms. Using <i 6 * 6 d§b = 
q b b b q a u a , substituting the expressions (A. 13) for G(2), Gr 2 ), Gu), an d the definition 
flA.14| ) of F A } eq. fl4.10| ) reads 

,qbb b q a 



4V„(0 o6 W) - e 



2ip l 



Vol 



- lmAf aB * (F° A *F B ) - ReAf a B * (F° A F B ) 



+ ^ abc * (F b A F c ) + [G° (0) (lmAfG {0) - ReAfL) a - G {0)a L° + IC abc G b 0) L c ] = 



where we denote L = (ImA/')~ 1 (G'(o) — ReAfG^). Recalling the form of ImAf and ReAf 
in (A. 8) and (A. 9), as well as V^s in ( |4.3[ ) and Vrr in (A. 15), one checks that this equation 
can be reformulated as 



2 V M (G ab d»b b ) - ^d b alm U BC * (F B A *F C ) - ^d b «Re AT BC * (F B A F c ) - d b « (V m + V RR ) 







which is precisely the EoM obtained varying 5 (4) in (Elk, p2b with respect to b a . 



Wd Einstein equation 



metric ansatz (|A.l|) and recalling that the 4d dilaton ip 

1 



We first deal with the term Run + 2Vm<9jv0 in eq. (4.7). Starting from the G-invariant 

[x) satisfies (A. 3), we derive the 

following decomposition 13 
R^ + 2V M «9„0 

Rfj/n 

R 

Taking the trace, we get 



Rau - ^g—g—d^gmndvgpq - 2d^d v tp - g u „V±ip 







R -mn ~\~ 2 e ^ (g^d^gmpd 11 g n q V4 g m n ) ■ 



1 



(4.11) 



R + 4 V 2 - 4d M( f)d M (f> = e~ 2 * ( R A + e 2 *R 6 - ^g^g^g^ - 2V 4 V - 2d^d^) . 

(4.12) 



13 Thc non-vanishing higher dimensional Christoffel symbols are: 

1 



T P 



d p g r , 



1 (in ~ 2 " u Pi> n <l ' L n 



van van 



In the derivation of R b 



we assume V m e 



v 
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In the previous expressions, quantities labeled with 4 or 6 are associated to (M^,g^ v ) or 
(Mb, g mn ) respectively. The 4d indices on the r.h.s. are raised using the rescaled metric g^ v 
of eq. (A.l ). Notice that all the terms depend just on x^: indeed, thanks to G-invariance, 



the whole dependence on the internal coordinates drops out. 

Let us now consider the \xv components of the lOd Einstein equation (4.7). Using (4.11), 



(4.12) we find (we reinstate in the Einstein equation the term proportional to g^ v , which 



actually vanishes thanks to the dilaton EoM (4.8) 



+ 2V tl d v <P-h^HjL u H-^ v (n-\ IV-o- \i) p 



R»u - -e-^H^H/* - 2d^d v (p - 2Q ab d { J a d v) ? 



2 



(4.13) 



For the RR piece, taking into account all the terms of the expansion described in subsec- 



tion |A.2| of the appendix, we arrive at 



D 2</> 



10 



- -7- h F (k)^ F (k) 



fc=0 



1 e" 
-<j,„.\ - \mM AB F A ^F B - —[(p^Y + (d^f] ~Vkk\. (4.14) 



From (4.13), (4.14) we see that the equation arising from the \iv components of (4.7) 



precisely reproduces the 4d Einstein equation following from 



Since there are no left-invariant 1-forms on the cosets (2.1), the lOd Einstein equation 



with fin indices is trivialized by our left-invariant truncation prescription, and does not 



yield any constraint at the 4d level. Indeed, one can check that all the fin terms in (4.7) 
vanish once the truncation ansatz is plugged in. 



Finally, we study the purely internal components of (4.7) in flat mn indices. Depending 



on which of the cosets (2.1) we consider, these yield just one, two or three 4d scalar 



equations, labeled by the index a. On our cosets, any left-invariant symmetric rank-2 
ten sor has the same diagonal structure as the invariant metric g mn given in subsection 
2.1 Furthermore, the left-invariant Ricci tensor on coset spaces satisfies R mn = q^Rq- 

Focusing for definiteness on m ^fj a) , we have (recall Q ah in table 1) 

1 



U(l)xU(l)' 
Rla-\2a-\ = R2a2a 



-^-g ab d vb R 



1,2,3. 



Then, using the last line of (4.11), we get 



1 - e~ 2ip G ab 

R2a2a+ 2 ^Ai>- -l^Hjl^H = [ - 2V M (& C 0'V) + d^fytW + ^V NS ] • 

(4.15) 
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Concerning the RR term, a tedious computation gives 



,20 



10 



^ t2aF(k)->l>2aF(k) 



k=0 



-2ipnab i 

-f- \pv h ^rr - -a„6(ImjVcD)F C jF D ] • (4.16) 



Analogous steps can be repeated for the cosets 
r.h.s. of the equations here above. 



Sp(2) 



S(U(2)xU(l)) 



Yyj and g{j^y, leading to the same 



From (4.15), (4.16) we conclude that the components of the lOd Einstein equation (4.7) 
with two internal indices precisely match the EoM for the scalars v a following from S^: 



2V^g ab d»v b ) + d v «g bc d^t b dH c + dAVNS + V RR )--d v «(ImAf BC )F B ^F c = 0. 



Dilaton equation 



Subtracting the trace over the fiis components of (4.7) from the lOd dilaton equation (4.8) 
we eventually obtain 



2Vl<P + -e'^H^H^ - — [ (D,0 2 + (d^) 2 ] ~ 2^ns - 4Vrr = 

which is the EoM for the 4d dilaton ip following from . 

This concludes the consistency proof of the dimensional reduction. 



(4-17) 



5 The 4d potential via Af = 2 



In this section, we recast the scalar potential obtained in (4.3) and (4.5) in 4d = 2 



language. In this framework, given the prepotential T governing the special geometry data 
of the vector multiplet sector and the quaternionic metric h uv of the hypermultiplet sector, 
the potential is uniquely determined by the gauged isometries of h uv . This structure allows 
us to incorporate string loops into our considerations, which correct the hypermultiplet 
metric. As the 4-dimensional quaternionic metrics with the isometry structure imposed 
by our compactifications are highly constrained, we use the results of EZ] to write 
down the general form of the all-loop string corrected potential in subsection |5.2| We 



analyse this potential further in subsection 6.3 



The general form of the potential in 4d M = 2 gauged supergravity is [101 EH EU E2] 

V = 4e K h uv {X A k u A -~k uA F A ){X B k u B -~k uB f B ) 



-(ImAO 



— IAB 



+ Ae K X A X 



B 



{VI - V xC Mca){V x b - V xD M DB ) • (5.1 



xD 



The coordinates X, the prepotential JF, and the gauge coupling matrix Af encode special 
geometry data and are discussed further in appendix |Aj h uv refers to the universal hy- 
permultiplet metric, which is expressed in terms of the quaternionic vielbein components 
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as 

h = u ® u + v ® v . 

We will denote the quaternionic coordinates collectively by q u . k\ and k are the com- 
ponents of the Killing vectors describing the isometries of the hypermultiplet metric being 
gauged by the A th gauge vector. The Sp(l) factor to of the spin connection of the hyper- 
multiplet metric enters in the potential via its relation to the Killing prepotentials. For 
the case that the 3 components of the curvature of u each are invariant under an isometry 
k u d q v, of the metric, the corresponding Killing prepotential is given by [60l 163] 

V x = u x u k u . (5.2) 

In this case, one can rewrite the potential in a more convenient form. Introducing 

Q u A = k u A -k uB U BAl 

we obtain 

V = QlQl[Ae K X A X B {u®u + v®v) uv -{Ae K X A X B + ^(lmAr)- 1AB ) £ (uf®uf) m • 

X 

(5.3) 

5.1 Tree level 

At tree level, the quaternionic vielbein is given by 

u = -e v (d£-id£) , 



e T / ~ \ 
dip — i—^- \ da + id^j 



The Sp(l) connection has the following form in terms of these quaternionic vielbein com- 
ponent^ 

u) 1 = i(u — u) , u 2 = — (u + u) , u) 3 = -(v — v) . (5.4) 

In the class of theories we are considering, the isometries being gauged are described by 
the following Killing vectors 



k A = ^(e A ^ + qA £) 



k A = V2m A -^. (5.5) 
oa 



14 (p, ^ were introduced above. The coordinate a is related to the dual as of the spacetime component 
of the B-field via as = a + 4^ . 

15 The components u> x of the Sp(l) curvature ui should not be confused with the expansion forms u> a . 
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Since Q u does not contain a non-vanishing entry for u = (p, the real part of v does not 
enter upon contraction with Q u , hence we can substitute 



2J (uj x <g> lu x ) ~ Au ® u + v ® v 



in the potential, obtaining 



V = QaQ v 



B 



1 



- e^{U\mM)- lAB + 3e K X A X B ) (d? + df ), 



e 4 ^(ImAT)- 1AB (rfa + ^) 



This coincides with (4.3) and (4.5) obtained above via reduction from 10 dimensions. 



5.2 All string loop 

For the case of the universal hypermultiplet with 3 isometries, the quaternionic metric is of 
the Calderbank-Pedersen form [65J. It comes in a 1-parameter family [66, 67], determined 
by 



u 



2(P 2 - c 



p 



2?-^^dp + i(da + £d£) 



The metric at string tree level lies at c = 0, and the variable identification 



(5.6) 



p = e r 

takes us back to the expression for the metric introduced above 
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In terms of the quaternionic vielbein components (5.6), the Sp(l) connection of the 
Calderbank-Pedersen metric is |65| 



10 



LU- 



LU" 



P 



p 



y f P 2 ~T~c 
V 'p 2 + c i 



i(u — u) 
(u + u) 

(v — v) 



p 



P 2 - 


1 1 

c 


p 




P 2 - 


—0 

c 


1 




2(P 2 - 


c) 



(da + |df ) . 



16 The coordinates used in [ST] axe related to our choice via ip — , rj = — | , (f> = £. 



(5.7) 
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The M = 2 potential (5.3) for this choice of metric becomes 



V 



QaQb 
(p 2 - c) 2 

1 



( - ^(ImAO- 1 ^ - 3e K X A X B )p\de + d?) uv 



(ImAf)~ 1AB (da + + ce K X A X B (de + d^U 

e K X A X B (da + id^ 2 J. (5.8) 



p 2 + c 



In the case of Calabi-Yau compactifications, the metric is corrected away from c = in 
passing from tree level to 1-loop [HZ]- Beyond 1-loop, all corrections can be captured 
by field redefinitions. This means that the quaternionic metric (i.e. the value of c) 
remains unchanged, the identification p = however is modified (note that the isometry 
structure of the metric determines the identification of the other 3 Calderbank-Pedersen 



coordinates with the lOd variables as indicated in footnote [T6j this is why we have not 
introduced separate notation for them). 

To study perturbative string corrections in the case of interest, let us review the argu- 
ment of [57]. The 1-loop correction to the four-dimensional Einstein-Hilbert term can be 
determined by reduction of the 1-loop R 4 correction in 10dj^] In the normalization of 
[67] . this yields 

c f * /-( -a* 4 C( 2 )x\ o 

>JEinstcin-Hilbert — J dXy/gye (27r) 3 / 

Unfortunately, the full 1-loop corrected lOd action is not available as a means towards 
obtaining the 1-loop completion of the 4d action. Nonetheless, after parametrizing the 
ignorance regarding this action and comparing to the 4d effective action obtained by 
choosing the Calderbank-Pedersen metric on the universal hypermultiplet scalar manifold, 
[67J finds that only two possible values for c are possible, 

c = or c=— ^3-, (5.9) 

with x the Euler characteristic of the Calabi-Yau. A perturbative string calculation 
then establishes that it is the latter value that is correct beyond tree level. Such a 
calculation in the case of the coset backgrounds with RR-flux that we are interested in 
is very challenging, and beyond the scope of this work. However, the first part of the 
analysis of [67] goes through also for these more general backgrounds. In particular, the 
lOd R A term is proportional to [67] 

t 8 t 8 i? 4 + -E 8 . 



17 As with all such arguments, we are relying on the off-shell continuation of an on-shell string compu- 
tation. It would be desirable to back this line of reasoning up with an explicit string computation on the 
background in question. We thank Pierre Vanhove for discussions on this point. 
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The first term is shorthand for t 8 tsR 4 = t Ml "' Ma t Nl '" N8 Rm 1 m 2 n 1 n 2 ' ' ' Rm 7 m s n 7 n$, which 
is expanded in terms of scalars built out of contractions of four Riemann tensors in eq. 
(A. 12) of [67]. The second term can be written compactly in form notation as 

E 8 ~ Vt AB A VL C d A Cl EF A Vt GH A *(e A A • • • A e H ) , 

with VL A b = \R A bcd^ C 'e D the curvature 2-form and e A , A = 1, . . . , 10 a local coframe 
basis. From the expansion of the t 8 term in [67J, we see that in each scalar invariant, 
contractions pair at least two Riemann tensors. Hence, this term does not contribute to 
the 4d Einstein-Hilbert term upon reduction. The contribution from E% to the Einstein- 
Hilbert term stems, exactly as in the Ricci flat case, from 

Qab A * 4 (e a A e b ) A Vt mn A Vt pq A Vt rs A * 6 (e m A ■ ■ • A e s ) , 

with a, b flat spacetime and m,n, . . . flat internal indices. We recognize the internal contri- 
bution as proportional to the 6 dimensional Euler density. The conclusion of our analysis 
is hence that in generalizing beyond Calabi-Yau manifolds, the same two possibilities 
for the Calderbank-Pedersen parameter c exist as in the Calabi-Yau case (and await a 
perturbative string calculation as arbiter). 



6 Non-supersymmetric vacua 

As an application of our consistent truncation result, we will search for non-supersymmetric 
vacua of the 4d effective action. By the analysis of section [4], these are guaranteed to lift 
to lOd solutions. 



6.1 Tree level 

The potential we obtained at tree level above has the form 

V = A ie 2v + A 2 e^, (6.1) 

with 

Ai = -q u a q v b{\{i^m)- iab +se K x A x B ){de +d~e) uv , 

A 2 = -Q\Ql\{lmU)- lAB {da + ldi)l v . (6.2) 

Minimizing the potential with regard to the 4d dilaton yields [SB] 

4 2 

v 4^ 2 

As A 2 is positive definite, the potential at tree level is negative semi-definite on-shell. 
In fact, this result generalizes immediately to any hypermultiplet metric of the general 
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form [HI] that arises upon Calabi-Yau and SU(3) structure compactifications, and the 
respective gaugings. The corresponding potential is obtained by appropriately modifying 
u and v in (6.2). A 2 hence remains positive also in this more general case. 

We have thus proved that Af = 2 gauged supergravity as it arises in Calabi-Yau like 
compactifications at string tree level (i.e. with hypermultiplet metric as given in [64], and 



gaugings of axionic isometries) does not permit de Sitter solutions. Due to the consistency 
of the truncation, this 4d result also follows from the lOd no-go theorem of Maldacena- 
Nunez [HH] ■ Note however that our 4d reasoning continues to hold for an arbitrary vector 
multiplet sector, i.e. including all possible worldsheet instanton corrections. 

The two contributions to (6.1) arise upon compactification from the NSNS and the RR 
sector respectively, see (4.3) and (4.5). The positivity of A 2 is also manifest here. 



6.2 Non-supersymmetric Nearly Kahler companions 



The lOd analysis of subsection [372] reveals that, given a choice of the RR fluxes Go and Gq, 
with all the other fluxes vanishing, there exists a single Nearly Kahler supersymmetric 



vacuum on the cosets (2.1). This solution is also recovered adopting the 4d approach, as 
discussed in j3U [12] . 

It is possible to show that, under the same conditions, the 4d tree level scalar potential 
V also admits non-supersymmetric Nearly Kahler extrema. In the following formulae, we 
introduce the sum of the geometric fluxes q = J2 a Qa, we rename the RR fluxes as e — > e , 



rrr 



m, and we call the equal v a and the equal b a respectively v and b. 



We obtain three Nearly Kahler extrema, lying at 





e 


) 


I 201 


m 





1/3 



1 



20/ m 



1/3 



x/3 



1 

201 



1/3 



1 



201 m 



1/3 



2AImb 2 
Q 

12Imb 2 

q 



5q 2 



ASI 2 m 2 v 4 



(6.3) 



12I 2 m 2 v 4 



and 



VEi 



e 
m 



1/3 



5q 2 



3QI 2 m 2 v 4 



(6.4) 



(6.5) 



By comparing to section |3.2[ we learn that the only extremum preserving supersymmetry 



is (6.3). 



Thanks to the consistency of the reduction, the non-supersymmetric extrema of V found 
here also solve the lOd equations of motion, and actually turn out to coincide with the so- 
lutions previously found in ref. [70] via a lOd approach (see subsection 11.4 therein). 



Unlike the situation for the supersymmetric solution (6.3), for (6.4) and (6.5) stability is 
of course no longer guaranteed. As in any truncation scheme, a full stability analysis can 
only take place in the higher dimensional theory. What we can offer in our 4-dimensional 
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CI m/e)5 b 



Fi gure 1: The potential for g§^y- we plot the rescaled potential e^vnXl^V as a function of {Iraje)^b 

and \Im/e\^v, at the extremum of ip and <f. The deepest minimum corresponds to solution (6.4 1. The 
cut of the plot at V = is due to the constraint e^ 6 '"' > 0. 



theory is a stability analysis with regard to the modes we retain. To this end, we rescale 
the scalar fields 18 (v a ,b a ,ip,C,) to obtain canonically normalized kinetic terms, and then 



diagonalize the mass matrix at the respective solutions. 



The case 



G 2 



SU(3) 



is depicted in figure 



SU(3) 



the first two extrema (|6.3|) and (|6.4) are minima 



and 



while the remaining extremum is a saddle point. For unburn s(u(2)xu(i)) 
a minimum, whereas due to modes leading away from the Nearly Kahler locus v 



(|6.4|) is 

v 

for all a, (|6.3|) is merely a saddle point, as is (|6.5|). To analyse stability, we compare the 



magnitude of the negative masses at the saddle points with the Breitenlohner-Freedman 
bound 

3, 



>_|V| 



tachyonic 

All extrema (including the saddle point depicted in figure [T]) prove stable. 

Finally, we remark that a' and string loop corrections can be safely neglected for the 
solutions above by tuning the RR fluxes e and m in such a way that the internal 
volume Vol = v 3 I ~ e/m becomes sufficiently large and t he st ring coupling constant 
e 4> = e Vy/Vol ~ e~5m~I becomes small (recall the definition ( |A.2 ) of the 4d dilaton). We 
can study moderately large string coupling by invoking the corrected potential (5.8). A 



numerical analysis indicates that all three AdS extrema survive string loop corrections. 
For the supersymmetric extremum, we push beyond numerics in appendix [Bj and establish 
analytically that it persists, as expected, in the face of string loop corrections. 



6.3 de Sitter vacua at all string loop order? 



In face of the no-go result for de Sitter vacua obtained in subsection |6.1[ we would like to 
analyse how loop corrections modify the outcome of this study. Of course, to guarantee 



18 Note that the shift symmetry of a and £ is gauged, the background value of these fields is hence a 
gauge choice. 
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the consistency of the truncation, the analysis in section [4] must be extended beyond 



the two derivative case. However, the arguments put forth in subsection 4.1 in favor of 
consistency apply to the additional terms as well. We will also assume in this section 
that c 7^ 0, as in the Calabi-Yau case. Note that by the results above, we can perform 
an (almost) complete analysis of the full loop corrected potential. The identification of 
the physical coordinate (p and the Calderbank-Pedersen coordinate p, which is modified 
order by order in the string coupling and is not available, merely enters in identifying the 
range of the CP coordinate, see below. Away from very strong coupling (in which brane 
instanton corrections would have to be considered regardless), this does not affect the 
search for de Sitter minima. 



Focusing on the p dependence of the potential (5.8) and taking the obvious positivity 
constraints on the coefficients into account does not rule out de Sitter vacua. One can 
then proceed to derive various constraints on these coefficients. E.g., by noting that the 



potential (5.8) has the form 



V(p) = P( P )Q(p), 



with P(p) 



i 



( P 2-C) 



2 • 



we obtain 



V(p ) 



p2 

--Q' 

QaQ'b 
2(P§ - c) 



(--(ImAO 



— IAB 



3e K X A X B )(4deU 
e K X A X B (da + U0 



where po signifies the value of p at a minimum of the potential. Since c is negative for the 
cosets we are considering, a de Sitter vacuum requires the first term in the square bracket 
to be positive at the minimum of the potential. This term is proportional to the tree level 
NSNS contribution to V, given in eq. (4.3). Hence, our necessary condition translates 



into the following inequality involving the internal NSNS 3-form and Ricci scalar 

HjH - 2Ra > . 



Recalling eq. (4.4), this is obviously true whenever the non-vanishing SU(3) torsion 



classes satisfy 15|Wi| < Wi-Nf-i- For the simple case of Nearly Kahler manifolds (i.e. 
when W2 = 0) the inequality is however non-trivial, and reads 3b 2 — 5v 2 > 0. 

We hope to return to a more complete analysis of the all loop corrected potential in the 
near future. 
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A Details of the dimensional reduction 

The G-invariant reduction ansatz strongly constrains the dependence of all the higher 
dimensional fields on the G/H coordinates, relegating it into the coframe e— introduced 



in subsection 2.1 In particular, the most general G-invariant lOd metric is (here and in 
the following, the hat denotes lOd fields): 

ds 2 = e 2ip{x) g^(x)dx fl ® dx v + g mk (x)e^(y) ® e%y) , (A.l) 

where x M and y m are respectively coordinates on the 4d spacetime and the internal man- 



ifold Mq, and g mn satisfies the G-invariance condition discussed in subsection 2.1 Com- 



ponents of the lOd metric with mixed 4d-6d indices are not allowed since there are no 



left-invariant 1-forms on our coset manifolds (2.1). Since the invariant scalars on the 
coset are necessarily constant, a non-trivial warp factor is also not permitted (see [7TI 172"] 
for recent discussions of a non-trivial warp factor in the J\f = 1 context). The Weyl rescal- 
ing factor e 2ip( - x ^ in front of the 4d metric is needed in order to obtain a canonical lower 
dimensional Einstein-Hilbert term f M voUR^ from the string frame higher dimensional 

action f M voli e~ 2 ^R, with 

<p(x) = <j>{x) - \ log f d 6 y^/g- 6 , (A.2) 

A J M e 

where 4>{x) is the lOd dilaton and ^fg§ = ^/det g mn {x, y) = \/ det g mn {x) \ det e~ q (y) \ . 
Notice that, thanks to this factorization of the x and y dependence, c^logy^ does not 
depend on the internal coordinates, and 

= - ^-dp log yfg~s . (A. 3) 

The ansatz for the lOd supergravity field strengths must be chosen consistently with their 
Bianchi identities. For instance, from the Bianchi identity dF2 = HFq, one sees that if 
Fq ytz o, then the NSNS 3-form H has to be exact: H = dB, with a globally defined 
2-form potential B. The most general B respecting left-invariance on M 6 is 

B = B + b, (A.4) 
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where B(x) is along 4d spacetime, while b(x, y) = b a (x)uj a (y) lives on M 6 (the left-invariant 
2-forms u a were given in subsection 2.1 ). 



We deal with the expansion of the RR fields in subsection A. 2 



A.l Special Kahler geometry from the NSNS sector 

Combining the 2-form J of subsection |2.2| and the internal NS field b we introduce t = 
b + iJ, whose expansion t = t a u a on the basis 2-forms defines the complex 4d scalars 
t a = b a + iv a . The associated kinetic term is determined by 

lg mp g nq {d,g mn d»g pq + d,b mn d»b pq ) = -L / d fl tA*dH = QaJd^W , (A.5) 
8 4Vol J Me 

where the l.h.s. originates from the reduction of the lOd Ricci scalar and H 2 terms, 
while the cx-model metric Q a b was introduced in eq. (2.12). The first equality in (A.5) 
is derived recalling that the internal metric is fixed by the forms J and Q defining the 
SU(3) structure: indeed, calling X the almost complex structure induced by Q, we have 
g-mn — JmpZ p n - Notice that we get no contribution from the variation of X since the 
associated fl, given in eq. (2.14), is rigid. 

The metric Q a b is special Kahler: indeed, it can be obtained via Q a b = g ta gp, from the 
Kahler potential 

K = — log \ [ J A J A J = — log 8Vol . (A.6) 



3 „ 

It in turn is determined by a prepotential T via the special Kahler geometry formula 
K = -logi(xV A - X A T A ), where X A = (X°, X a ) = (1, -t a ) and T A = 

For each of the cosets we consider, the explicit expressions of Q a ^ and Vol were given in 
table [l] The (cubic) prepotential reads 

I x«x b x< 

^ ' = 6 — X~° — ' 

where the non- vanishing triple intersection numbers JC a b c := J* u a A o>& A u c (recall the 
2-forms u) a in subsection 2.1) are 



SU(3) 
U(l)xU(l) 

Sp(2) 
S(U(2)xU(l)) 

G 2 
SU(3) • 

The period matrix Nab of special Kahler geometry is given by the formula (see e.g. 
■Nab = ?ab + 2i tt^ — j^. — vtt^ , where Tab 





= / 


for 


/Cll2 


= 21 


for 


/Clll 


= 6/ 


for 



(A.7) 



X^Im {T EF )X F ' ™ 8X A dX B 
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Equivalently, we can directly obtain it from the coset geometry via 

(ImAf)~ 1AB = - j (uj a , * b Co B ) , [Re^(ImjV)- 1 ]^ = - / (u A , H ^ B ) 
[ImA/' + ReA/'(Im7V)~ 1 Re7V]Ai? = - J (cu A ,* b u B ) , 



with *b{') = e b *\(e b -) . The operator A and the pairing ( , ) were defined below (2.10). 
We obtain the matrices 

/ i + Ag ah b a b b ig ab b b \ 

ImAf = -Vol , A.8 

^ 4g ab b b 4g ab J 

( \K abc b a b b b c \lC abc b b b c \ 
Re AT = - 3 2 . A.9 

\ \lC abc b b b c IC abc b c J 

A.2 The RR sector 

In order to reduce the RR sector we specialize the general procedure described in section 5 
of ref. [11] for M 6 corresponding to our coset spaces. Adopting the democratic formulation 
of type IIA supergravity jH] , the RR degrees of freedom can be encoded in a field strength 
G consisting of a formal sum of forms of all possible even degrees, satisfying 

Bianchi identity : dG = (A. 10) 

self-duality constraint : F = A(*F) , where F = e B G and X(F^) = (A. 11) 

Due to the self-duality constraint, the equations of motion for the RR degrees of freedom 
are equivalent to the Bianchi identities. 

We implement the reduction ansatz by expanding G on the basis of left-invariant internal 



forms introduced in subsection 2.1 



G = (G(o) + C(2) + G(±))ua — (G(o)a + G{2)a + G{±)a)& + (C(i) + G( 3 ))a — (G^ + G(3))fi- 

(AA2) 



Gu,\{x) and G(p)(x) are p-forms in 4d spacetime. Plugging this expansion into eqs. (A. 10) 



(A. 11), and going through the derivation of [IT], one identifies the 4d variables 

A 
(o) 

G(i) = D^ = d^- q a A a , = d£ 

f 2 ) = dA A , G(2) A + -5lt( )a 
G {3) = —B A D£ + e 2lp * di , G (3 ) = —B A d£ — e 2ip * D£ 



Gf 0) =m A , G (0)A = e A + q A l (A. 13) 



GL = dA A , G (2)A + BG (0) A = ImAf AB * F B + ReAf AB F B 
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Gf 4) + B A Gf 2) + ^B 2 Gf 0) = e^ImA/r^Ao) - ReAfG (0) )] A * 1 
1 



G(4)A + 5AG(2)A + ^(0)^4 



e^[- ImAf G( ) + ReAT(ImAr)- 1 (G (0) - ReAAG (0) )] A * 1 



where the propagating fields are the two real scalars £,£ and the 1-forms A A . We also 
introduced the modified field strengths 



F = dA + m A B 



(A.14) 



Furthermore we introduce qA = (0, g a ), the g a being the geometric fluxes defined in sub- 
while m A ,eA are constant flux parameters satisfying q a m a = 0. Notice that 



2.1.4 



section 

one of the e a is redundant, since it can be eliminated via a constant shift of £ . This 



reflects the fact that on our cosets the linear combination q a uj a is exact (see eq. (2.11)) 
and therefore doesn't support any flux. 



The residual content of (A.10)-(A.12) not included in eqs. (A. 13) consists of a set of 



the 4d action of subsection 



equations to be read as the Eo M fo r £,£ and A A . We use these equations to reconstruct 

In particular, we infer the RR contribution to the 4d 
scalar potential, 



4.2 



Vrr = -—[G {0) lmAfG {0) + (G (0 ) - G^ReAf^lmAfy^G^ - ReAfG {0) 



(A.15) 



Substitution of the explicit expressions for G( ) and G(q) given in (A. 13) yields eq. (4.5) 



As a last remark, we stress that the whole procedure of section 5 of [llj applies here with no 
need to take any integral over M 6 . In other words, once the left-invariant truncation ansatz 



has been plugged in, the dependence of eqs. (A. 10), (A. 11) on the internal coordinates 
automatically factorizes out. 



B String loop corrections to the J\f = 1 vacua 

In this appendix, we study how string loop corrections affect the tree level supersymmetric 



AdS 4 solutions of type IIA supergravity compactified on the cosets (2.1). 

The M = 1 equations arise by requiring the vanishing of the fermionic (i.e. gravitino-, 
hyperino- and gaugino-) variations under a single linear combination of the two M = 2 
susy parameters. These conditions have been spelled out in [20j for general SU(3) xSU(3) 
structure compactifications, and solved in [12] for the subclass of Nearly Kahler mani- 
folds. Here, we extend the latter analysis employing the string loop corrected quaternionic 



vielbein (5.6) and the associated Sp(l) connection. In particular, the Killing prepoten- 



tials associated with our electric and magnetic gaugings of the quaternionic isometries 



become, recalling relation (5.2), the Killing vectors (5.5), and the Calderbank-Pedersen 
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Sp(l) connection (5.7), 



V2 



V2p 
p 2 — c 



Qa 



1A 



V 

fi3A 



V 2A = 



V2 



-m 



(B.1) 



2(p 2 -c) v A ^ J ' 2(p 2 -c) 

The tree level Killing prepotentials are recovered by taking c = (recall the possible 
values of c, given in (5.9)), together with the identification p 2 = e~ 2v . The first part of 

goes through in the present case, the only 



the analysis performed in subsection 6.1 of 
substantial difference being that the relation between the quaternionic vielbein u, v and the 
Sp(l) connection u x is here slightly more involved than (5.4); this leads to a modification 
of the equations arising from the hyperino variation. After a few manipulations, we arrive 
at the following Af = 1 AdS vacuum condition for our coset reductions (both ± signs are 
allowed by susy), 



(\ m NY lAB + ^^e K X A X B 

p 



V\ ± i{\mN)- 1AB (Vl - N BC V ZC ) = 0, (B.2) 



the (string frame) AdS cosmological constant being given by 

3 



A 



-^e K \q A X 



A\2 



(B.3) 



we 



We now solve the susy condition in the Nearly Kahler limit. As in subsection 6.2 
define q = ^ a <?a, we rename the only non- vanishing fluxes as eo — > e , m° — > m, and 
we set v a = v and b a = b for all a. Separating (B.2) into real and imaginary parts, and 
recalling (A. 6) for K, as well as (A. 8), (A. 9) for A/", we obtain the four real equations 

,2 P 2 + 3c 2 



4p mlv 
5p 2 — c q 



-be A- (b 2 + — )q£ + ml{b 4 + v 2 b 2 ) 
o 

This system of equations is solved by 







15p 2 - 3c 
-e + bq^+mlb 3 ± 



3p 2 + c 
Ap 



qv = 



5x — c 



V = V t 



(5x + 3c)x2 



^3 



(x + 3c 
x(x — c/5) 



x(x + 3c) 
x — c/5 



p%x 



(B.4) 

where by VT-,b T ,^ T ,p\ we denote the tree level values (6.3) (recall that at tree level p 2 is 
identified with e~ 2ip ). We have also defined c = p^ 2 c (note that this depends on the values 
of the fluxes appearing in p\ ~ (me 2 I)3q~ 2 ), while x is the unique positive solution to 
the equation 

(5x + 3c) 4 (x + 3c)x - 5(5x - cf = , (B.5) 
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and can easily be determined numerically. The cosmological constant (B.3 ) here reads 

q 2 (x + 3c/5)xi 



A 



5Ivt (x — c/5) 5 



The tree level result is recovered by taking c = 0, in which case (B.5) is solved by x — 1. 



We have also checked that (B.4), (B.5) extremize the all loop scalar potential (5.8) 



We conclude that string loops preserve the main outcome of the tree level analysis: for any 
choice of the fluxes e, m, there exists a unique Nearly Kahler supersymmetric solution. 
This is however shifted from the tree level position as shown in (B.4). It would be 
interesting to study the lifting of this result to a lOd framework. 
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